We provide the first extensive documentation of insect visitors to buckwheat (Fagropyrum esculentum Moench; Polygonales: Polygonaceae) in Florida. We visually surveyed eight 2 ha fields of buckwheat in north-central Florida and documented 5,300 visits by Apis mellifera L. (Hymenoptera: Apidae)-the western honey bee-and 3,422 non-Apis insect visits, with the majority of non-Apis visitors being wasps native to Florida or the southeastern United States (81.3%), followed by Diptera (12.5%) and non-Apis bees (5.8%). Sixteen families of insects composed of at least 62 species of flower visitors were observed within the buckwheat fields, with the most common species being the wasp Scolia nobilitata F. (Hymenoptera: Scoliidae). Most of the insect species were parasitoid wasps of various arthropod pests, and many parasitoids may also act as pollinators. Our data suggest that buckwheat attracts a great diversity of beneficial parasitoids, predators, and pollinators; thus, buckwheat possibly could be used as a cover crop to enhance biological control of various pest arthropods within cropping systems or augment local pollinator populations.
Buckwheat (Fagropyrum esculentum Moench; Polygonales: Polygonaceae) is an Old World crop believed to have originated in China (Ohnishi 1998) and was introduced into the New World by European settlers in the 17th century (Treadwell & Huang 2008) . Once a commonly planted crop in the United States, buckwheat production sharply declined in the 20th century due to the introduction of nitrogen fertilizer, which allowed for corn and wheat to become prevalent in the United States. In recent years, buckwheat has become more popular due to its newly discovered nutritional value (Cawoy et al. 2008) . China, Russia, and Japan are currently the world's top producers of buckwheat (Treadwell & Huang 2008) .
Buckwheat produces flowers that are distylous and self-incompatible, and can be pollinated by wind or insects (Sasaki & Wagatsuma 2007) . There are 2 types of flower morphologies (pin or thrum), with pin flowers having long styles extending past their stamens and thrum flowers having long stamens that extend beyond the styles (Taki et al. 2009 ). In many distylous plants, the 2 differing flower structures allow for pollen to be carried on different parts of an insect's body, resulting in transfer of pollen between the 2 types of flowers (Darwin 1888 , Beach & Bawa 1980 . Buckwheat fields have approximately equal numbers of pin and thrum flowers (Quinet et al. 2004) . In Florida, buckwheat blooms approximately 3-5 wk after planting and mature seeds form 6-8 wk after planting (Treadwell & Huang 2008) .
Although pollination can occur by wind (Marshall 1969) , most pollination is considered to be accomplished by insects, which may be necessary for successful pollination (McGregor 1976) . Despite numerous insects being documented visiting buckwheat, the study of insect pollination and visitation on buckwheat is incomplete (Sasaki & Wagatsuma 2007) , and findings appear to differ in various parts of the world. For example, western honey bees (Apis mellifera L.; Hymenoptera: Apidae) comprised 80% of all insect visitations in Australia (Goodman et al 2001) , 95% in central New York (Björkman 1995) and Poland (Banaszak 1983) , 97% in Belarus (Kushnir 1976) , and 18 to 51% in Belgium (Jacquemart et al. 2007 ). Alternatively, Sasaki & Wagatsuma (2007) found that 2 Bombus species (Hymenoptera: Apidae) accounted for over 75% of insect visitation in Japan and were presumed to be the most important pollinators of buckwheat in that study. In a cage experiment, Apis cerana F. (Hymenoptera: Apidae) (the Asian honey bee) was found to be an important pollinator in India (Rahman & Rahman 2000) . Other authors have documented other insect groups (e.g., Syrphidae, Sphecidae, Crabronidae, Vespidae, and Scoliidae) as common visitors (Bugg & Dutcher 1989; Carreck & Williams 1997; Ambrosino et al. 2006) .
Although buckwheat is not a major crop planted in the southeastern United States, its potential as a cover crop to bring in entomophagous insects and as a weed suppressor has been explored in southern Georgia (Bugg & Dutcher 1989) and Florida (Huang 2009 ), respectively. Little is known about the attractiveness of buckwheat to pollinating and other beneficial insects in the southeastern United States. Here, we present insect survey data from 8 buckwheat fields planted in north-central Florida.
Materials and Methods
Eight 2 ha (5 acre) buckwheat fields were established in northcentral Florida (Fig. 1 ) from seed (Hancock Seed Company, Dade City, Florida) between 15 and 29 Jun 2015. The seeding rate was 113.4 kg per field (50 lbs/acre) per label instructions, and the seeds were the cultivar 'Mancan.' Nitrogen fertilizer was applied to 2 fields to ensure growth and flowering of plants, whereas the other 6 fields did not require any fertilizer. Nitrogen fertilizer is needed to improve growth in soil that is nitrogen limited (Myers & Meinke 1994) . Four out of the 8 fields had a systemic pesticide (Sivanto TM , Bayer Crop Science) applied to them for a separate study, and 3 colonies of managed honey bees were located in close proximity (<10 m) to each of the 8 fields. Two foliar applications of Sivanto TM were applied at pre-and full-bloom, each at the maximum application rate of 409.5 g/ha (0.365 lb/acre).
We began flower insect visitor surveys when it was observed that at least 20% of a field was flowering. Only insects that visited flowers were captured or counted; thus, insects visiting other portions of the plant were excluded from our surveys. The surveys entailed 1 or 2 researchers walking 2 random 100 m linear transects within the field on a given day. If 1 researcher was present, he/she walked both 100 m transects; if 2 researchers were present, both walked 1 of the 100 m transects. Each 100 m transect walk lasted 30 min. To minimize edge effects, transects were begun approximately 10 m from the field edge and directed towards the center of the field. During the flowering period (20 Jul to 19 Aug 2015), we conducted 54 transect walks (27 total hours) within the 8 buckwheat fields. All transects were accomplished between 9:00 a.m. and 4:00 p.m. on days when weather was appropriate for pollinator activity during this time of year (i.e., no rain and temperatures above 30 °C). Representative insect samples were collected with sweep nets and identified to the lowest taxonomic level possible. Insects that could be identified positively in the field were not collected. A t-test was done to determine whether any differences in abundance or species richness of non-Apis insects existed between Sivanto TM -treated fields and non-treated fields (Statistix 9 Program, Analytical Software, Tallahassee, Florida).
Results
During the bloom and survey period, 3,422 insect flower visitors (excluding honey bees) were documented to visit buckwheat flowers. Honey bees accounted for an additional 5,300 flower visits (61% of overall flower visits) during our survey work. Honey bee activity was relatively high during mornings but largely disappeared within the buckwheat fields in the afternoons. Native wasps and other flowervisiting insects were active within the buckwheat fields during mornings and afternoons. Native wasps comprised the majority of non-Apis flower visitors (81.3%; n = 2,782), followed by Diptera (12.5%; n = 427), native bees (5.8%; n = 197), and beetles (0.47%; n = 16). Most of the non-Apis flower visitors were parasitoid wasps. Excluding Apidae, Scoliidae (n = 1,080) and Tiphiidae (n = 628) were the most commonly observed families, with Scolia nobilitata F. (Hymenoptera: Scoliidae) (n = 948) being the most common species observed in the buckwheat fields. Excluding the honey bee, only 7 native bee species (superfamily Apoidea) were found to visit buckwheat flowers. A list of the flower visitors is given in Table 1 . Although we did not enumerate, at least 15 butterfly species were observed during our surveys utilizing buckwheat flowers (Table 2 ). It was difficult to identify some of the species of Lepidoptera (e.g., Hesperiidae) in the field because they moved away quickly from the transect path when a researcher approached. We did, however, collect unknown species with a sweep net for identification purposes. Therefore, we chose to document butterfly presence within the buckwheat fields rather than quantifying them.
Neither species abundance (F = 0.06; df = 1,26; P = 0.44) nor richness (F = 0.03; df = 1,26; P = 0.86) differed between fields treated with Sivanto TM or not treated at all. All of the abundant flower visitor species were present at all locations, although some of the individual species abundances differed among fields (P ≤ 0.05).
Discussion
Buckwheat is well known for its attractiveness to honey bees and its ability to yield a large amount of honey (Myers & Meinke 1994) . The majority of flower visitors in our study were honey bees; however, we expect these visitations would be much lower without the presence of managed honey bee hives nearby. Honey bees were extremely com- Fig. 1 . Map depicting location of eight 2 ha buckwheat fields utilized for this study in north-central Florida. Table 1 . List of all insect species (except Lepidoptera) observed to visit buckwheat flowers during the survey period (20 Jul to 19 Aug 2015) . We also placed insects into ecological guilds (Pa = parasitoid, Pr = predator, D = detritivore, H = herbivore) and relative abundance categories (A = abundant with 50+ observations, C = common with 11-49 observations, R = rare with ≤10 observations) within the buckwheat fields planted in north-central Florida. Apis mellifera was excluded from this list. C (12) x mon during the morning hours but noticeably absent during the afternoon hours. Hedtke & Pritsch (1993) also found insect abundance to be highest during the morning hours in buckwheat but did not discriminate between honey bees and other flower visitors. Presumably, this is because buckwheat begins producing nectar in the morning (Lee & Heimpel 2003) and is exhausted by honey bees within just a few hours, at which time the honey bees begin to forage elsewhere. Honey bees have been shown to be an effective pollinator of buckwheat because they collect both pin and thrum pollen on a single trip, promoting contact with stigmas (Björkman 1995) . Whether other insect visitors regularly collect both types of pollen is not known fully, but any insect that frequently visits buckwheat could be a potential pollinator. The majority of the other flower visitors did not seem impeded by honey bee presence and were observed visiting buckwheat flowers throughout the day, presumably gathering pollen and/or nectar that buckwheat produced after honey bees were foraging elsewhere. There was a relatively overall low abundance of native bees within the buckwheat fields compared with the abundance of other insect groups. Most native bees mass provision pollen for their offspring. Thus, the large number of honey bees within the fields in the morning may have depleted pollen and nectar availability quickly, consequently causing buckwheat fields to be unappealing to native bees. Alternatively, there could be a lack of coevolution between buckwheat and native bees, making it a less attractive plant to native bees. In China, the probable country of origin for buckwheat (Ohnishi 1998) , native non-Apis bees and syrphid flies accounted for over 50% of insect visits (Wang & Li 1998) , suggesting an evolutionary linkage compared with areas outside of buckwheat's natural range. Although buckwheat's origin is China, it quickly spread to Europe and Asia about 5,000 yr ago (Myers & Meinke 1994) . Honey bees are native to Europe, and buckwheat is an Old World crop; therefore, honey bees have been exposed to this crop on a much longer evolutionary timescale than have native North American bees. Therefore, honey bees could have coevolved with this Old World crop making them highly attracted to the nectar and pollen.
Buckwheat has been explored for use as a cover crop that can harbor potential biological control agents of various herbivorous insects (Bugg & Dutcher 1989; Bowie et al. 1995; Platt et al. 1999; Lee & Heimpel 2005) , for weed control (Treadwell & Huang 2008) , and for pollinator enhancement (Carreck & Williams 2002) . We documented at least 43 species of potential parasitoid or predatory insects, most of which feed on problematic arthropods, that are attracted to buckwheat flowers. The majority of these parasitoids attack Coleoptera or Lepidoptera larvae and Orthoptera nymphs but also could act as potential pollinators as adults. Along with these parasitoids and predators, we documented at least 18 other potential beneficial insect species (e.g., potential pollinators) that fed from buckwheat flowers. Our survey data suggest that buckwheat attracts a multitude of beneficial insects in Florida, which potentially could maintain and enhance localized populations of these beneficials. Although buckwheat has been shown to attract some insect pests (e.g., various herbivorous Hemiptera and Homoptera), the pests can serve as food for the beneficials (Bugg & Dutcher 1989) . Due to the large number of parasitoid wasps observed visiting buckwheat, it potentially could be used as a cover crop to attract (and potentially augment) entomophagous insects within cropping systems. Little is known about the biology of Scoliidae and Tiphiidae, the 2 most commonly observed insect families in the buckwheat fields. However, both families are known to be solitary ectoparasitoids of scarab beetles ("white grubs") (O'Neill 2001) . Chemical control of scarab larvae has been difficult because they live underground (Cherry 1991) , making biological control the most promising solution. In Florida, scarab larvae feed on a wide variety of plant roots including many turf grasses, ornamentals, and vegetable crops (Buss 1993) . Presence of scarab larvae can also attract small mammals and birds that dig into the ground to consume them, which can exacerbate damage to plants (Buss 1993) . Buckwheat grown near some of these crops could attract and potentially enhance parasitoid abundance.
Overall, numerous syrphid flies and other Diptera also were observed visiting buckwheat flowers. Despite being often overlooked as pollinators, Syrphidae are efficient pollinators of many plants and can act as important predators in agricultural settings (Ssymank et al. 2008) . Although many syrphid flies feed on aquatic bacteria or dead plant material, many other species are aphidophagous. Various flowering plant species have been shown to attract and sustain populations of aphidophagous Syrphidae in agricultural settings (Miller et al. 2013) . Syrphid flies are strong fliers and, combined with their hovering ability, are very adept at locating small aphid colonies (Horn 1981) . Other, non-syrphid Diptera have been shown to be highly abundant and diverse within agricultural ecosystems and provide pollination services in these ecosystems (Orford et al. 2015) . 19 Aug 2015) . We also placed insects into ecological guilds (Pa = parasitoid, Pr = predator, D = detritivore, H = herbivore) and relative abundance categories (A = abundant with 50+ observations, C = common with 11-49 observations, R = rare with ≤10 observations) within the buckwheat fields planted in north-central Florida. Apis mellifera was excluded from this list. Our study supports previous studies that found buckwheat is attractive to foraging honey bees (e.g., Björkman 1995; Goodman et al. 2001) . Due to the warm climate in Florida, buckwheat also could be grown late in the season in north-central Florida and even during the winter in south Florida , thus potentially helping sustain bee colonies when few plants are flowering and temperatures begin to decline. Consequently, the short generation time for buckwheat could be capitalized on as a supplemental forage crop for honey bee colonies in agricultural settings or planted during times when nectariferous plants are scarce. Overall, buckwheat is advantageous as an attractive plant to honey bees, native pollinators, and potential biological agents that could control some agricultural pests.
